Hepatocellular carcinoma (HCC) is the most common primary liver malignancy worldwide, and a leading cause of global cancer-related mortality. However, a multitude of risk factors results in heterogeneous tumor biology that can demonstrate widely different clinical behaviors. Chronic inflammation represents the predominant etiology of HCC, and up to 80-90% of cases occur in the setting of cirrhosis. The underlying liver disease observed in most patients adds an additional level of clinical complexity not present in most other cancers. Careful consideration of the tumor biology, liver function, and the patient's performance status is necessary in order to select the best therapy. There exists a wide range of potential therapeutic options, and clinicians must know when to apply each. While early HCC can be managed with local control strategies such as surgical resection or ablation, more advanced tumors may be limited to loco-regional or systemic therapies. All tumors that meet criteria should be considered for liver transplantation. Often, the range of potential therapies will be limited by a patient's liver function and degree of cirrhosis. Additionally, in many cases there is insufficient evidence to clearly determine the best therapeutic option, and therefore these patients should be discussed within a multi-disciplinary tumor board. Future research is necessary to refine the optimal management strategy for HCC, including the role of novel treatments such as immunotherapy.
INTRODUCTION INTRODUCTION
Hepatocellular carcinoma (HCC) encompasses a broad spectrum of patients and possible treatment options. A diversity of risk factors and underlying etiologies gives rise to heterogeneous biology and tumors that can demonstrate widely different clinical behavior. In addition, HCC tends to emerge in the setting of advanced liver disease, adding a level of clinical complexity that is not present in most other cancers. The result is a difficult balancing act between treating patients' tumors and managing their underlying liver insufficiency. Successful treatment therefore requires a thorough understanding of the options available and when to apply each. In this review, we will provide a overview of HCC followed by an in-depth discussion of the appropriate treatment strategies.
EPIDEMIOLOGY EPIDEMIOLOGY
HCC is the most common primary liver malignancy and a leading cause of global cancer-related mortality. Although incidence varies greatly by region, worldwide HCC is the 5 th most common cancer in men and the 7 th most common in women (1) . The highest incidence is observed in areas with endemic hepatitis B, such as Sub-Saharan Africa or Eastern Asia. In these regions, the incidence often exceeds 20 per 100,000 persons. Much of Southern Europe and the Mediterranean has an intermediate incidence of 5-10 per 100,000. The overall incidence is low (<5 per 100,000) in Northern Europe and the Americas (1, 2) . Nevertheless, in the United States HCC represents one of the fastest rising causes of cancer mortality. Over the last several decades, there has been a three-fold increase in the incidence of HCC from 1.4 per 100,000 in 1975-77 to 4.8 per 100,000 in 2005-07 (3, 4) .
Chronic inflammation from a number of different risk factors represents the predominant etiology of HCC, and up to 80-90% of cases occur in the setting of cirrhosis (5) . The hepatitis B virus (HBV) is the leading cause worldwide, particularly in developing countries where it is mostly acquired through vertical or perinatal transmission. In developed countries, acquired hepatitis C virus (HCV) or alcohol abuse are the most common causes of HCC. Given the emerging obesity epidemic, non-alcoholic fatty liver disease (NAFLD) or nonalcoholic steatohepatitis (NASH) are increasingly associated with cirrhosis and an elevated risk for HCC. Additional cofactors that contribute to the development of HCC include tobacco inhalation and aflatoxin B1, a fungal carcinogen that contaminates food products in moist environments (1, 6) .
HISTOLOGY HISTOLOGY
Although chronic inflammation is a common underlying mechanism in the development of HCC, HCC pathogenesis encompasses a wide variety of different molecular pathways and alterations to the tumor microenvironment (7) . In fact, HCC tumors from disparate geographic regions may demonstrate different histologic growth patterns or subtypes according to the predominant etiology and underlying population risk factors (8) (9) (10) . HCC is remarkable for its heterogeneous biology, but these tumors all likely progress along a spectrum from regenerative or dysplastic nodules to HCC (8, 11) . Early HCC classically present as small lesions (<2 cm) with well-differentiated histology and poorly defined margins. Progressed HCC are generally larger (>2 cm), and are moderate to poorly-differentiated with nodular, massive, or diffuse patterns of growth (8, 12) . In addition, HCC may appear as a solitary nodule or as multiple tumors. Multi-focal HCCs represent either independent synchronous lesions or satellite metastases from a solitary progenitor tumor, and often reflect a more aggressive biology with an increased likelihood of recurrence following therapy.
Various histologic subtypes of hepatocellular carcinoma have also been described, although the clinical significance of each is not always clear (9, 10) . One histologic variant with clear clinical implications is fibrolamellar HCC. This rare subtype is generally seen in young female patients without cirrhosis or other known risk factors for HCC. Although these patients can have relatively large tumors at presentation, if amenable to surgical resection or transplant the prognosis is favorable compared to classic HCC. On the other hand, fibrolamellar HCC are considered less responsive to systemic therapy than other forms of HCC, although multimodality and locoregional therapies remain an option (13) .
DIAGNOSIS DIAGNOSIS
Historically, patients with HCC present with vague abdominal complaints such as pain or symptoms related to their underlying liver disease. As a result, many patients are initially diagnosed late in the disease course with intermediate or advanced tumors, with an estimated 5-year survival of only 12% (14, 15) . Even for early stage disease, survival can be measured in months (median overall survival 13.4 months) if left untreated (15) . With treatment, the overall 5-year survival approaches 75% for early stage disease, whereas 3-year survival for intermediate stages may be as high as 60% (6) . The impact of early treatment for HCC has led to the development of screening protocols for high-risk populations. Evidence suggests that tumors are not only identified before they are clinically apparent, but also that surveillance leads to improved overall survival (16, 17) . Current recommendations suggest screening high-risk patients every 6 months with abdominal ultrasound (18) . While the tumor marker alpha fetoprotein (AFP) may aid with diagnosis in the setting of a known mass, it has not proven useful for surveillance (18) .
Lesions identified on ultrasound that are larger than 1 cm or incidental findings from other studies should be evaluated with contrast-enhanced imaging. Nodules less than 1 cm can be followed with close ultrasound surveillance, as the majority of these lesions will not be HCC. Specific pathognomonic features of HCC can be distinguished on contrast enhanced CT or MRI, such that diagnosis can often be made based on imaging characteristics alone. In particular, HCC lesions will appear hyper-enhancing during early phases following contrast administration, with increased intensity compared to the background liver. On delayed phases, HCC tumors will "washout," and appear hypo-intense compared to normal liver parenchyma. In order to better classify liver lesions, radiologists have incorporated arterial enhancement, delayed washout, tumor diameter, capsule appearance, and the growth rate into a diagnostic algorithm for HCC -the Liver ImagingReporting and Data System (LI-RADS) (19, 20) . Similar to the BI-RADS system used in breast cancer, tumors are classified along a spectrum from benign to definitely HCC (see table 1 ). Biopsy can be considered for equivocal cases without classic imaging findings.
STAGING STAGING
Cancer staging systems perform two principal functions -stratification of patients into categories for accurate prognostic assessment and guidance of treatment decisions. For most cancers, both prognosis and treatment decisions can largely be determined from the clinical or pathologic stage. However, such staging systems have proven inadequate for HCC. For instance, although recently updated in 2017, the American Joint Committee on Cancer (AJCC) staging for HCC largely remains a pathologic staging system based on the tumor-node-metastasis (TMN) model. While AJCC TMN staging adequately discriminates survival among patients that have undergone surgical resection, as few as 5-10% of HCC patients may ultimately be surgical candidates (21, 22) . Most of these patients are not surgical candidates due to other factors that affect prognosis in HCC.
In addition to tumor stage, prognosis in HCC depends upon functional status, the degree of any underlying liver disease, and the type of treatment delivered. Over the years, multiple staging systems have been developed that incorporate any number of these factors in order to better guide prognosis and treatment decisions for HCC (23) (24) (25) (26) (27) (28) . Nonetheless, many of these systems have not proven reproducible, and most have not been universally accepted. Of the alternate staging systems, the most widely adopted has been the Barcelona Chronic Liver Clinic (BCLC) staging system. The BCLC classification divides patients into 5 categories based upon tumor characteristics, liver function, and health status. A therapy algorithm allocates patients into the appropriate treatment category, with an associated prognosis (see fig. 1 ). Although useful as a starting framework, patients may not always fit neatly into one of the defined categories and are subject to 'treatment stage migration' (18) . It is imperative that physicians still evaluate and individualize therapy for each patient. Regardless, the BCLC classification has been endorsed by the European Association for the study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD) (18) .
TREATMENT STRATEGIES TREATMENT STRATEGIES
The overall goal of care for HCC is to extend survival while maintaining good quality of life, but in reality successful treatment can range from cure of early stage HCC to palliation in advanced disease. Therapeutic options include local therapies such as surgery or ablation, arterially-directed regional therapies, systemic therapy, and liver transplant. Selection of the appropriate treatment requires careful consideration of the tumor biology, the extent of any underlying liver disease, and patient level factors such as performance status. In many
LI-RADS Score
Classification Management instances, evidence to guide therapy is lacking or of low quality, as much of the literature consists of small retrospective cohort studies or underpowered clinical trials (21, 29, 30) . Given the complexity of this disease, the relative lack of high-quality evidence, and the multitude of treatment options, HCC patients should be discussed in the setting of a multi-disciplinary tumor board.
LOCAL THERAPY LOCAL THERAPY

Assessment of liver function and resectability
Surgical resection is reserved for patients without cirrhosis or with those well-compensated liver disease in the absence of portal hypertension (BCLC stage 0/A). In addition to removing the tumor, resection should leave sufficient functional liver volume to prevent postoperative hepatic failure. While in general this limits surgery to Child-Pugh class A patients, careful evaluation of synthetic liver function extends beyond the Child-Pugh classification. Laboratory evaluation should reveal a normal serum bilirubin, normal coagulation studies, and a platelet count greater than 100,000/µL. Guidelines vary as to exact laboratory cut-offs for resection; for instance both AASLD and EASL recommend a bilirubin less than 1 mg/dL, while Asian centers often use a value of <2 mg/dL (29) . A reasonable approach is to consider resection in patients with a total bilirubin and INR both less than 1.5. Assessment of liver function with the model for end-stage liver disease (MELD) may also be predictive of post-operative morbidity and mortality. In one series of 82 patients that underwent resection for HCC, patients with a MELD score ≤ 8 had no associated perioperative mortality, versus a perioperative mortality of 29% in patients with a MELD >8 (31) .
In addition to adequate biochemical function, careful review of imaging should rule out signs of portal hypertension such as ascites, varices, or splenomegaly. Thrombocytopenia with platelets less than 100,000/µL is also suggestive of portal hypertension and splenic sequestration. Direct quantification of portal hypertension through measurement of the hepatic venous pressure gradient (HVPG) is rarely performed, although a HVPG cutoff of ≥10 mmHg has been associated with an increased risk of post-operative hepatic decompensation (32) . Liver stiffness as measured by non-invasive transient elastography (FibroScan) is an additional modality that can identify portal hypertension and predict outcome following resection (33) . If a patient's baseline liver function meets criteria for resection, the tumor must be carefully assessed for resectability. There are several considerations, including size, vascular invasion, the number of tumors, and the location within the liver. Invasion of the main portal vein and extrahepatic disease are contraindications to resection. Multifocal tumors and microvascular invasion are not strict contraindications, although they are both markers for increased risk of recurrence and resection must be weighed against other therapies (18) . Anatomic resections may be preferred, as wider margins have been shown to impact survival (34) . Nonetheless, the functional liver remnant (FLR) must also be taken into consideration, with an FLR of 40-50% required in the setting of cirrhosis. In a healthy liver, a FLR of 20% may be acceptable, although at least 30% is preferred following chemotherapy. Portal vein embolization has proven safe and effective to increase the FLR, even in the setting of cirrhosis and HCC (35) .
Non-cirrhotic HCC
In non-cirrhotic patients, surgical resection is the treatment of choice. Although patients without cirrhosis tend to present with more advanced tumors, neither size nor multifocality are considered a strict contraindication, and major hepatic resections can be performed safely (36, 37) . Surgery can be performed even for large tumors > 10 cm, with results comparable to the resection of smaller tumors (38, 39) . In noncirrhotic patients, the 5-year overall survival exceeds 50% following successful resection (40) . Nonetheless, recurrence rates approach 70% at 5 years, with multifocality, tumor size, vascular invasion, and poor differentiation predictive of increased recurrence or decreased survival (40, 41) .
Very Early HCC
For patients with well-compensated cirrhosis without portal hypertension, surgical resection must be balanced against the role of transplantation and other therapies. Key factors to consider include the size and number of tumors. Patients with very early HCC (solitary lesions <2 cm) should be evaluated for either resection or ablation. Several randomized controlled trials have compared resection to ablation in early HCC, although results were mixed and no trial looked specifically at lesions <2 cm (42) (43) (44) . A propensity score model comparing resection and ablation in tumors <2 cm demonstrated improved overall and disease-free survival following surgical resection (45) . In patients with more advanced liver disease or with portal hypertension, ablation is generally the preferred therapy for tumors <2 cm. However, some authors advocate close observation, thereby allowing the patient to become eligible for liver transplant once the lesion exceeds 2 cm (46). Patients must be closely followed; under a protocol of serial imaging every 3 months, Mehta et al. demonstrated a 9% chance of progression beyond Milan criteria at one year (46) .
Early HCC
Once patients with cirrhosis develop solitary tumors ≥2 cm or multifocal disease, they should be evaluated for liver transplant. For eligible patients, liver transplant is considered the best treatment option and theoretically treats not only the HCC, but also the patient's underlying cirrhosis. The Milan criteria, defined as a single nodule ≤5 cm or up to 3 nodules all ≤3 cm, is the benchmark adopted by most transplant centers (47, 48) . Following transplant within the Milan criteria, overall 5-year survival exceeds 70% with a 10-15% rate of recurrence (21) . In the United States, the United Network for Organ Sharing (UNOS) adopted the Milan criteria to select HCC patients for transplant. Donor livers are preferentially allocated to recipients with the highest MELD scores; currently HCC patients with 1 nodule between 2-5 cm or 2-3 nodules all ≤3 cm are awarded 28 points 6 months after initially being listed, with 1-2 additional points awarded every 3 months until transplant. In addition to the Milan criteria, other groups have proposed "expanded" criteria for liver transplant. The University of California San Francisco (UCSF) criteria are the most widely-known and wellstudied. Under the UCSF criteria, patients are eligible for transplant if they have a solitary tumor up to 6.5 cm, or up to 3 tumors all less than 4.5 cm with a total diameter less than 8 cm. Initial results using the USCF criteria indicated 5-year overall survival of 75% (49) .
For patients awaiting transplant, bridging therapy should be considered if the anticipated wait-list time will be 6 months or longer (48) . Proposed advantages of bridging therapy include maintaining disease control and decreasing the dropout rate while on the waiting list. In addition, the use bridging therapy may allow assessment of treatment response in the explanted liver at the time of transplant. Patients with a complete pathologic response demonstrate decreased recurrence and prolonged disease-free survival compared to incomplete responders (50) . Trans-arterial chemoembolization or radiofrequency ablation represent the most commonly employed bridging therapies.
Transplant versus resection
Although liver transplant is the gold standard therapy for eligible patients that fall within Milan criteria, given the shortage of donor organs resection will often be considered, particularly in the setting of solitary lesions and very well compensated cirrhosis. There have been no randomized controlled trials comparing resection to transplant, with most reports consisting of single center retrospective studies (51) (52) (53) (54) . Most of these studies indicate a survival benefit to transplant, with one metaanalysis demonstrating a 5-year overall survival of 63% for transplant compared to 53% for resection (55) . Nevertheless, organ shortages have prompted some centers to pursue a resection first strategy in select patients, with salvage liver transplant (SLT) reserved for recurrences following resection. Several studies have indicated equivalent overall survival for patients that underwent primary liver transplant or resection followed by SLT (56, 57) .
For patients with multiple liver lesions, the risks and benefits of resection must be weighed against other options including transplant, ablation, and regional therapies. In well-selected patients with multifocal disease, surgical resection can be performed safely, although these patients demonstrate decreased survival compared to resected solitary tumors (58, 59) . Current EASL and AASLD guidelines recommend radiofrequency ablation for multifocal HCC within Milan that are not transplant candidates. Ablation can also be performed for larger tumors, although the best results likely occur in tumors ≤ 3 cm (60). Nevertheless, according to one propensity score-matched analysis, the 5-year recurrence-free survival following surgical resection was superior to radiofrequency ablation in resectable multifocal HCC (20.1% vs. 9.1%, p=0.001), although no difference was observed in 5-year overall survival (36.3% vs. 37.8%, p=0.609) (61) .
Adjuvant therapy
Following surgical treatment of HCC, currently there is no role for adjuvant therapy. In a phase III randomized controlled trial, sorafenib failed to demonstrate a benefit in recurrence-free survival compared to placebo after either resection or ablation (62) . Multiple other agents have proven equally ineffective, including vitamin K2, retinoid, and systemic chemotherapy (63) . Promising results with adjuvant autologous cytokine-induced killer cells or autologous dendritic cells suggest a potential role for immunotherapy, although these results require further investigation and validation (64, 65) .
REGIONAL THERAPY REGIONAL THERAPY
For patients that are not transplant or resection candidates, treatment with transarterial catheter directed therapy remains the best option. Generally, regional therapy is limited to patients with preserved liver function and multifocal liver nodules, large unresectable solitary lesions, or other tumors outside the Milan criteria ( intermediate HCC, BCLC stage B) . The overall goal of treatment is to palliate symptoms and prolong life; cure is rarely possible in these patients. In select circumstances, regional therapy can downstage patients back within Milan criteria, and ultimately transplant may become an option.
Transarterial therapy
Multiple options exist for catheter-based embolic therapy, including transarterial embolization (TAE), transarterial chemoembolization (TACE), drug-eluting bead transarterial chemoembolization (DEB-TACE), and transarterial radioembolization (TARE) (table 2). The rational for catheter directed embolic therapy is based upon the dual blood supply to the liver. Normal liver parenchyma is predominantly perfused by portal flow; approximately ¾ of its blood supply arises from the portal vein, with the remaining ¼ from the hepatic arteries. On the other hand, primary liver tumors such as HCC receive the majority of their blood supply from the hepatic arteries. Therefore, arterially-directed therapies represent a strategy to selectively target hepatic tumors while sparing normal parenchyma.
The goal of TAE, or "bland embolization," is to completely occlude the arterial blood supply to the tumor, resulting in tissue hypoxia and cell death. Embolization is usually performed with gelatin sponge particles, polyvinyl alcohol spheres, or other embolic agents. TACE combines TAE with chemotherapy using lipiodol as the embolic agent. Popular chemotherapeutic agents include cisplatin, doxorubicin, epirubicin, and mitomycin C. TACE is often used in conjunction with bland embolization to increase tissue hypoxia and chemotherapy dwell time (66) . DEB-TACE replaces lipiodol with microspheres impregnated with chemotherapy, usually doxorubicin (67) . In general TAE, TACE, and DEB-TACE are indicated for intermediate HCC with preserved liver function, and are contraindicated in advanced or decompensated cirrhosis, patients with poor performance status, or those with significant extra-hepatic metastases. Relative contraindications include biliary obstruction or a total bilirubin > 4 mg/dL, renal insufficiency, or tumor involving the main portal veins (66) . Often, repeat embolization will be necessary to achieve the best results.
Comparison of these modalities has failed to demonstrate any clear superiority of one embolization technique over any other. The only modality showing a trial proven survival benefit over conservative therapy is TACE, with improvements in 2-year survival ranging anywhere from 20%-60% and an increase in median survival from 16 to 20 months (21, 68, 69) . Although results are mixed, a meta-analysis comparing TAE and TACE suggests non-inferiority of TAE, and these therapies are considered relatively equivalent (70, 71) . Additionally, TAE may have a cost advantage compared to other techniques (66) . DEB-TACE has been shown to have similar survival benefits to TACE, as direct comparison of these modalities has failed to demonstrate a superior option regarding overall survival (72) . However, DEB-TACE may be better tolerated with decreased toxicity (73) TARE relies on delivery of radioactive spheres to the tumor bed, and the antitumor effect is induced by radiation instead of tissue hypoxia or chemotherapeutic effects. Yttrium-90 (Y-90) is a pure beta emitter with a tissue penetration up to 11 mm, and can be delivered to the tumor via resin (SIR-Spheres) or glass (TheraSphere) microspheres (66, 74) . In contrast to embolic therapies, Y-90 can be given in the setting of portal vein thrombosis (75, 76 
SYSTEMIC THERAPY SYSTEMIC THERAPY
Patients with advanced HCC that is not amenable to regional therapy (BCLC stage C) can be considered for systemic therapy. First-line therapy currently consists of sorafenib, a mutli-kinase inhibitor that effects multiple pathways involved in HCC. Sorafenib was approved for patients with advanced HCC following the results of the SHARP trial. Compared to placebo, sorafenib demonstrated an almost 3 month improvement in both overall survival (10.7 vs. 7.9 months, p<0.001) and time to radiologic progression (5.5 vs. 2.8 months, p<0.001) (80). Recently, regorafenib was shown to provide a survival benefit in HCC patients that advanced on therapy with sorafenib, and regorafenib is now indicated as second-line therapy (81) . Many other systemic agents have been investigated for treating HCC, including everolimus, brivanib, sunitinib, and bevacizumab. None have shown a clear advantage over sorafenib (82) (83) (84) (85) . Systemic cytotoxic chemotherapy has proven largely ineffective and is generally not used to treat HCC.
Future directions
Immunotherapy has been one the most exciting advances in cancer care over the last several years, and recent evidence suggests a role for immunotherapy in treating hepatocellular carcinoma. In a phase I/II trial of the PD-1 inhibitor nivolumab, patients with advanced HCC demonstrated a durable objective response rate up to 20%, with a tolerable safety profile (86) . Interim analysis revealed a median overall survival of 15.1 months, and close to half the patients survived longer than 18 months (87). Phase III trials evaluating nivolumab (NCT02576509) and pembrolizumab (NCT02702401) in advanced HCC are currently underway.
In addition to immunotherapy, researchers are evaluating multimodality treatments to improve survival in intermediate and advanced HCC. The addition of sorafenib to arterially directed therapies has been proposed as a synergistic combination that may improve survival (66) . TACE has been shown to upregulate angiogenesis, which may be counteracted with sorafenib (88) . Results have been mixed; despite some early promising single institution reports, no benefit was seen with the addition of sorafenib to TACE during several randomized trials (89) . Nevertheless, a recent meta-analysis of 6 trials suggested an overall survival benefit to combination therapy (HR 0.64, 95% CI 0.43-0.97) (90) . Similarly, the combination of TACE with ablation or external radiation has also been reported by numerous investigators. One review of 55 randomized trials concluded that the addition of ablation or external radiotherapy to chemoembolization significantly improved tumor response, and extended survival over chemoembolization alone (91) . Among patients with unresectable HCC, the estimated median survival of TACE combined with ablation (33.3 months) or radiation therapy (30.1 months) was several months longer than transarterial therapies alone (TACE: 18 months; DEB-TACE: 20.6 months; TARE: 24.3 months) (91) . Nevertheless, much of the available data continues to be relatively poor quality single-institution studies, and additional investigation will be needed to clarify the optimal multimodality strategies for HCC.
CONCLUSION CONCLUSION
HCC remains a difficult disease to treat due to the heterogeneity of the underlying biology and the compromised liver function that accompanies most patients. There exists a wide range of potential therapeutic options, and an in many cases there is no clear evidence to guide treatment decisions. Careful consideration of the tumor biology, liver function, and the patient's performance status is required in order to risk-stratify patients and select the appropriate treatment, and these decisions should be made within the context of a multi-disciplinary tumor board. In the future, identification of tumor biomarkers and improved molecular profiling of these tumors may help match patients with the optimal therapies. Additionally, high-quality research in the comparative-effectiveness of the various treatment options and their combinations is ultimately needed in order to improve outcomes for these challenging patients.
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